suMMARY Thallium-201 myocardial scintigraphy was performed in patients with congenital heart defects to determine whether, by quantification of right ventricular isotope uptake, one could assess the degree of right ventricular hypertrophy and so predict the level of right ventricular pressure. A total of 24 patients ranging in age from 7 months to 30 years was studied; 18 were studied before corrective surgery and six after operation. All but three had congenital heart defects which had resulted in pressure and/or volume-overload ofthe right ventricle. At routine cardiac catheterisation, 20 t±Ci/kg thallium-201 as thallous chloride was injected through the venous catheter and myocardial images were recorded in anterior and left anterior oblique projections; these were subsequently analysed quantitatively and qualitatively.
and/or volume-overload ofthe right ventricle. At routine cardiac catheterisation, 20 t±Ci/kg thallium-201 as thallous chloride was injected through the venous catheter and myocardial images were recorded in anterior and left anterior oblique projections; these were subsequently analysed quantitatively and qualitatively.
Insignificant right ventricular thallium-201 counts judged as being less than 1 per cent of the injected dose or less than 0 3 of the left ventricular counts were present in six patients all with right ventricular peak systolic pressure <30 mmHg. In the remaining 18 patients there was a good correlation between the right ventricular/left ventricular peak systolic pressure ratio and the right ventricular/left ventricular thallium-201 counts ratio. All patients with right ventricular/left ventricular peak systolic pressure less than 0 5 had right ventricular/left ventricular thallium-201 counts less than 0 4. Qualitative evaluation of right ventricular isotope intensity proved helpful mainly in distinguishing the patients with right ventricular pressures at or above systemic levels. Thus quantitative analysis of myocardial imaging with thallium-201 is of use clinically in patients with congenital heart defects, in assessing the severity of pulmonary stenosis or the presence of pulmonary artery hypertension.
The right ventricular free wall is not normally visualised on thallium-201 myocardial scintigrams when the study is performed with the patient at rest, though it may be seen when the radio indicator is injected during exercise.' Recent qualitative studies of myocardial imaging with thallium-201 in patients with pulmonary hypertension secondary to chronic airways disease2 and in patients with congenital heart defects causing pressure or volume overload of the right ventricle,3 4have shown a prominent appearance of the right ventricular free wall caused by an apparent increase in thallium-201 uptake. It would be of particular value to be able to assess quantitatively by myocardial imaging of the right ventricle the severity of pulmonary or right ventricular hypertension, since other non-invasive *Supported by NIH research grant and a training grant.
Received for publication 11 June 1980 techniques such as electrocardiography,5 vectorcardiography, 6 and echocardiography7 are limited in this respect, both technically and otherwise.
It has been shown both clinicallyl [8] [9] [10] [11] [12] Of the six postoperative patients, three had no evidence of residual pressure or volume-overload of the right ventricle: one had had repair of a primum atrial septal defect, the other had had correction of total anomalous pulmonary venous connection, and the third had had a pulmonary valvulotomy. Three patients had significant residual pressure-overload of the right ventricle; all had had tetralogy of Fallot repaired.
HAEMODYNAMIC STUDY
Haemodynamic data obtained at cardiac catheterisation, which were correlated with the scintigraphic data, included measurements of right and left ventricular and pulmonary artery pressures, both systolic and end-diastolic. Pulmonary and systemic blood flows and resistances were calculated by the Fick principle on the basis of the measured oxygen consumption. Normal values were taken from previously published data.15 SCINTIGRAPHIC STUDY At the end of the cardiac catheterisation, after the haemodynamic data had been obtained and the cineangiograms taken, 20 j±Ci/kg thallium-201 as thallous chloride (minimum 500 ,uCi, maximum 1 5 mCi) was injected through the venous catheter, positioned at the inferior vena cava right atrial junction. The catheters, arterial and venous, were then withdrawn and haemostasis achieved. Since it is conceivable that contrast angiography may have increased the uptake of thallium-201 through reactive myocardial hyperaemia, in one-third of the patients, selected at random, we injected the isotope 24 hours later via the brachial vein. We were therefore able to assess whether the technique of injection or time after contrast angiography had any effect on our results.
Thirty minutes after injection of the isotope, imaging was begun on a gamma camera equipped with a high resolution, parallel hole collimator (Searle LEM). The camera was interfaced to a computer (Digital Equipment Corporation) and 64 x 64 images obtained in the anterior, 45 oblique views. Regions of interest were marked over the right ventricle as well as over the left ventricle plus septum, and a background area was selected over the lung and mediastinum (Fig. 1) A and B). All patients with right ventricular peak systolic pressures at half systemic levels or greater had RV/LV thallium-201 counts ratios at/or greater than 0O4.
The per cent right ventricular thallium-201 counts correlated less well than did the RV/LV ratio with either the level of right ventricular peak systolic pressure (r=0-56) or with the RV/LV peak systolic pressure ratio (r=0-63).
QUALITATIVE EVALUATION OF RIGHT
VENTRICULAR COUNTS (Fig. 4 It was possible by the grading method to distinguish the two groups with the very highest right ventricular pressures from the three other groups who had normal pressures or lower degrees of increase (p < 0 005). Group 0 could be distinguished from 0+ with a value p < 0 05, group 0+ or group 1 from group 2 (p < 0 025), and group 2 from group 3 (p < 0 05). It was impossible, however, to distinguish some patients with right ventricular pressures in the normal range from those in whom values were as high as three-quarters of systemic levels.
GENERAL COMMENTS
There was no difference in the correlation of scintigraphic and haemodynamic data between those patients studied at the time of cardiac catheterisation and those studied the following day. Pressure overload alone seemed the most important determinant of right ventricular thallium-201 uptake, that is the highest counts were in the patients with the highest right ventricular pressures. The addition ofa volume overload did not influence the data. Among the patients studied one year after operation, right ventricular thallium-201 counts reflected the presence of any residual defect causing raised right ventricular pressure.
OTHER NON-INVASIVE STUDIES
Right ventricular hypertrophy was detected on all electrocardiograms of patients with right ventricular hypertension before operation. In five patients studied postoperatively, however, the development of right bundle-branch block in three was not helpful as an indicator of residual pulmonary stenosis, and the persistence of right ventricular hypertrophy in two others did not reflect complete regression of their preoperative right ventricular hypertension.
M-mode echocardiograms were available from only six patients in this series. In three, the studies were limited and did not include evaluation of right ventricular systolic time intervals; in the other three, it was not possible to obtain right ventricular systolic time intervals because of the presence of complete right bundle-branch block.7 Hence, no echocardiographic data are available for comparison with the radionuclide data for estimation of the level of pulmonary artery pressure.
Discussion PREVIOUS METHODS
In previous studies of myocardial imaging with thallium-201 the degree of right ventricular hypertrophy has been qualitatively evaluated according to a grading system suggested by Cohen et al. 2 It had been observed by these workers, in patients with pulmonary disease, that when pulmonary artery hypertension was present, scintigraphic studies with thallium-201 produced an image of the right ventricle equal to or greater in intensity than that ofthe left ventricle. Among the patients studied, however, there was not a good correlation between the level of pulmonary artery pressure and the intensity of isotope visualised. In other studies of myocardial imaging with thallium-201 by Khaja et al. 4 and Kondo et al.3 the observation was made that volume overload of the right ventricle alone could be associated with abnormally increased right ventricular isotope visualised, but the image of the right ventricle was usually less dense in appearance than that of the left ventricle.
Our results differ somewhat from those of the previous investigators. Unlike Cohen et al.,2 we did find significantly higher levels of right ventricular or pulmonary artery pressure in the group of patients in whom the image of the right ventricle was more dense than that of the left ventricle compared with the group in which the images were equally dense. This could be because we were studying a younger patient population and one with congenital heart defects which had caused an increase in pulmonary artery or right ventricular pressure from early infancy. The 
Conclusion
Quantitative myocardial imaging of right ventricular hypertrophy with thallium-201 in patients with congenital heart defects is a useful screening test for the detection of right ventricular hypertension. Total right ventricular counts of less than 1 per cent of injected dose or right to left ventricular counts ratios of less than or equal to 0 3 are associated with right ventricular peak systolic pressures at less than half systemic levels. This proves true whether the increased right ventricular pressure reflects pulmonary stenosis or pulmonary artery hypertension and does not appear to be influenced by the presence of an additional right ventricular volume overload.
